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    In recent decades, the rapid development of the financial industry in the process, the 
operational risk events show high characteristics. Operational risk arises at the 
beginning of the development of the banking industry , but the relevant theoretical and 
empirical research is the last few decades. With the increasing impact of the loss of 
domestic operational risk, financial institutions are increasingly aware of the 
seriousness of operational risk, but the related research is not much, mostly stay in the 
policy discussion level, the risk perception and analysis are more emotional. In the 
empirical study of operational risk , Most of the related researches at home and abroad 
use the method proposed by the Basel III to estimate the operational risk capital, The 
rare event simulation method has a great advantage in the estimation of operational risk 
loss, and more and more simulation algorithms are applied to the estimation of risk loss. 
In this paper, we mainly focus on the occurrence of risk events with extremely low 
probability but great loss. We hope to estimate the tail risk probability of the operational 
risk through rare event simulation. For the severity of losses with thick tails, the 
traditional exponential measure under the importance sampling algorithm can not be 
implemented, but the mixed distribution method can avoid the problem that the variance 
of estimating is not convergent and easy to implement. Based on the variance 
minimization, the auxiliary sampling distribution is determined by the cross entropy 
criterion, and the auxiliary sampling distribution parameters are solved iteratively using 
the EM algorithm in the classical statistical algorithm. In order to analyze the effect of 
these variables and verify the stability of the algorithm, we also set these variables in 
the update iteration of the parameters. The results show that the thresholds of the loss 
degree and the number of events have an influence on the auxiliary sampling 
distribution. In this paper, we give the estimation under the cross-entropy of other 
algorithms, and compare the simulation results. Finally, we estimate the tail probability 
of the total loss distribution according to the actual loss data. The results show that this 
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  针对稀疏事件问题的研究，国外使用较多的一种方法为方差缩减技术 VRTs，



































模拟（SMC）的方法研究大量随机混合过程。Krystul，Blom 证实了 IPS 方法非
常适合模拟扩散过程，但是当应用到离散状态大偏差的交换扩散过程时却有局
限。为了解决这个局限，Krystul，Blom 将 IPS 扩展到混合 IPS 版本。在此基础
上，H.A.P.Blom，J.Krystul 和 G.J.Bakker 在大范围的随机混合系统中采用序列
MC 方法模拟稀疏事件概率。F.Cadini，D.Avram（2012）基于神经网络建立了
SS-NN (Neural Network-based SS )方法，解决在使用子集模拟（SS）时模拟结果
稳定性的大幅波动问题。James Beck（2015）则对稀疏事件的方法进行了梳理，
同时比较了重要性抽样，子集模拟，MC，MCMC 各种方法的优缺点以及适用


















Monte Carlo 模拟来实现。Annalisa 和 Claudio 为了测试银行的操作风险，基于传


















Sachin K Manglaa，Pradeep Kumarb 等（2014）在研究绿色供应链操作管理中涉
及的风险，为了控制其中由操作风险因素导致的损失，使用 MC 模拟估计捕获





























































































某些分布尾部的概率值，	p = p(X ≥ c)，𝑐为尾部的阈值，标准的 MC 方法直接从
分布 X 中模拟 N 个观测值X1, …… , XN，概率估计为 pMC = 1N I{Xi ≥ cN1 }																																																											(1) 
其中I𝐴是集合 A 的示性函数，如果c是分布的α分位数，我们希望 I{Xi ≥ c}N1 中
















衡量，τ = Var I Xi ≥ c /E(I{Xi ≥ c})（Asmussen 和 Binswanger，1997）。当p → 0时，标准的 MC 估计的相对误差是发散的： 
τ = p 1 − p /p ≈ 1/ p → ∞		as		p → 0 
  当我们需要在一定阈值条件下对尾部概率进行估计时，这个问题更严重。
假如考虑对数正态分布，X~lognormal 0,1 ，条件分布估计为uMC = E X X ≥ c 。标
准的 MC 估计由下式给出 
uMC = xi ∗ I Xi ≥ cN1 I Xi ≥ cN1 																																																								(2) X1, …… , XN是从分布 X 中随机抽取的 N 个样本。模拟过程如下： 
  1.模拟 N 个标准对数正态的随机数； 
  2.利用（2）式计算uMC的标准 MC 估计； 
        3.将以上两个步骤模拟 B 次； 
        4.计算均值uc = uc[i]/B		BiO1 和方差	Var(uc) = (uc[i] − uc)2/B		BiO1 。 
其中uc[i]为第 i 次模拟产生的估计值，i = 1, …… , B，最终估计偏差为𝑏 𝑢𝑐 = 𝑢𝑐 −𝑢𝑐。对数正态分布下，随机变量 X 在阀值 c 下的条件期望实际值为： 
	uc = E X X ≥ c = euSσ2/2. 1 − Θ t − σ1 − Θ t 																															(3) Θ x 为标准正态分布函数，t = (log c − u)/σ，所以标准对数正态分布时（3）为
下式 
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